ABSTRACT
INTRODUCTION
Radiotherapy (RT) is a frequently prescribed and highly effective form of treatment of oncology patients (OPs). It may be curative or palliative. The aim of implementation of RT is based on the local effect on malignant cells, with the maximum preservation of the surrounding normal tissue. Although the aforementioned type of therapy is associated with a number of useful aspects of implementation and positive impacts on the health, many patients feel rational or irrational fear of the application of RT. Bad and unpleasant experiences associated with other oncology therapeutic options, such as chemotherapy and surgery, often lead to refusals to start or cancellations of RT treatment (1) .
Radiotherapy may initiate mental and physical stress, anxiety, growing anger and hostility, and reduce quality of life (1) (2) (3) (4) (5) . Moreover, changes in mental state can affect the course of the disease, and mental and physical status (1, (4) (5) (6) (7) (8) . Oncology patients are characterized by a higher level of anxiety than patients with other diseases (1) . Anxiety represents a specific mental state of increased vigilance and prudence in anticipation of unpleasant events without the presence of real danger (9) . Some OPs, treated with RT, however, experience serious psychological reactions that may manifest as fear of RT, and which may significantly affect compliance. Fear is a response to real dangerous events and can be manifested by defensive reactions: fight, flight or "freezing" (9) .
Many patients think that their pathology is characterized by a poor prognosis, because RT is indicated, and very often take the attitude that RT treatment is vain in their case (2) . Although the effects of radiation during treatment cannot be felt, most patients have somatization symptoms of psychological discomfort caused by fear. It is interesting to note that those patients who showed a lower level of anxiety before exposure to RT are characterized by greater anxiety during and/or after RT, and vice versa (1) . Patients are mostly concerned about the potential impact of RT on family life and work obligations, the occurrence of new cancers, reducing libido, sterility, the occurrence of burns, pain and scarring, etc. (10) . Increases in the level of anxiety, discomfort and an intensification of thinking about the disease may be brought about by the treatment; the closed steel door in the room for radiation, the lack of windows, isolation during the radiation procedure and the size of the RT device (1, 2, 11, 12) . It can be assumed that the anxiety and fear before treatment are uncertainty conditioned, while anxiety and fear during and after RT treatment are associated with concern about developing side-effects of the treatment and the possibility that they have exhausted all treatment options. Radiotherapy is easier to accept and tolerate for patients who regularly visit radiotherapists, those who possess a higher level of knowledge about RT, than patients who receive palliative therapy and those with a better "performance" status (6, 7, (13) (14) (15) .
A relatively small number of studies have addressed this issue. Analysis of the level of RT-caused anxiety in OPs is offered in earlier studies based on structured interviews with a psychiatrist, using the Mental Component Summary Scale, the Center for Epidemiologic Studies Depression Scale, the Spielberger State-Trait Anxiety Inventory, the Anxiety subscale of the Hospital Anxiety and Depression scale and other relevant scales dealing with quality of life assessment among OPs facing RT (1-8, 11, 13-16) . A detailed analysis showed that only one study examined the level of fear of RT based on interviews that processes fear of RT and how to deal with the fear of RT (15) .
Creating an adequate questionnaire to assess the level of fear of RT would be of great practical importance both in terms of early identification of patients with high levels of fear of RT, and in the strategic planning and timely application of preventive measures in the field of professional psychological support before starting RT with the aim of reducing the fear of RT in OPs. The aim of this study was development, reliability testing and validation of a questionnaire for assessing the level of fear of RT among OPs.
MATERIALS AND METHODS
We performed a prospective qualitative study based on the development, validation and reliability testing of the questionnaire for assessing RT-caused fear (QAFRT) in OPs. The study lasted 4 months, or until there was an adequate number of respondents. The research was conducted at the Centre for Oncology and Radiology, Clinical Centre Kragujevac, Department of Radiotherapy with the prior approval of the Ethics Committee Clinical Centre Kragujevac.
Population
The study included all OPs with histopathologically confirmed cancer of any localization and staging of the disease, for whom RT was indicated for the first time and who had been notified and signed an informed consent to participation.
Criteria for inclusion in the study were: patients aged from 18 to 65 years, patients from Serbian-speaking areas, any stage or localization of histologically verified carcinoma, the first time determined treatment of RT. The study included all patients who had voluntarily agreed to participate in the study, who had started treatment RT or applied RT, while radiation therapy was in progress and had completed at least one therapy session, whether as an out-patient or during hospitalization, regardless of whether the radiotherapy was curative or palliative. The criteria for exclusion from the study were: minors and mentally ill patients who were unable to understand the content of the questionnaire adequately.
The variables that were monitored in the study were gender, age, marital status, with whom the patient lives, residence, education, and religiosity. Data related to the disease were obtained by examining the medical records: type of tumor, applied modalities of treatment, comor-of the disease. The questionnaire is intended for use as a valid instrument for the identification of patients with a high level of fear of RT. Given that in this category of patients fear can be further provoked by other conditions, diseases and treatment options, the results obtained should be evaluated taking into consideration the overall health status of the ОP. Patients who show a high level of fear of RT should be referred to a psychologist or psychiatrist, to determine the origin of the fear, prevent serious health consequences and improve the relationship with the patient.
Reliability and validity of the questionnaire
The internal and external reliability of the questionnaire were tested. The internal consistency all the offered questions was tested and Cronbach α QAFRT's in OPs. Cronbach α may range from 0 to 1 and indicates which answers are consistent to the questions. Account was taken only of Cronbach α values above 0.7.
Factor analysis was conducted to assess the validity of the content of the questionnaire. The validity of the structure and criterion validity were investigated by testing of the relationship QAFRT and VAS scale. Temporal stability was obtained by comparing answers to the questions of QA-FRT after the first and fifth sessions of RT, or after seven days.
Statistics
Methods of descriptive statistics were used for sociodemographic and medical records (mean and a standard deviation). Data with normal distribution were analyzed by the parameter Student's T test, while for the data without a normal distribution we used the nonparametric ManWhitney U test. To investigate the frequency of qualitative variables the χ 2 test was used. Spearman's coefficient correlations were used to determine the reliability of the questionnaire and its temporal stability. For statistical analysis we used SPSS software, version 18 (Chicago, IL, USA). The difference was considered significant if the probability of the null hypothesis was below 0.05.
RESULTS
The study included 154 patients, of which 50% were men and 50% women. Thirty-two subjects were excluded from the study pursuant to study protocol violations. The average age of respondents was 62.85 ± 11.26 years and the average duration of education 10.05 ± 3.84 years. About 55% of patients had experienced chemotherapy, while 68.2% of patients had undergone surgery. Curative radiotherapy was conducted in 79.9% patients while for 20.1% of patients the radiotherapy was palliative. Only 30.5% of patients received an explanation from radiotherapists about the therapeutic procedure.
The questionnaire for evaluation of levels of fear of RT initially consisted of 31 items. The answers were coded from 0 to 4. The final version of the questionnaire has integrated 15 questions. The total score of answers on questions ranging from 0-60. bidities, type of radiotherapy (curative or palliative), radiotherapy techniques (transcutaneous or intracavitary brachytherapy), localization of the radiation field, the number of radiation fields, the radiation dose, the number of fractions, whether a mask for the head or neck were used, whether there was an explanation of the procedure of radiation, and verbal or written information provided by the radiotherapists.
Power of the study It was envisaged that the power of the study would be 80%, based on the probability that there would be a statistical error of type 1 (α) of 0.05. In accordance with the formula for calculating the sample size when searching the mean value of a continuous variable in the population, with relevant, literature-based standard deviation measurements ± SD = 0.94 and confidence interval width d= ± 0.3, it was determined that the research would require a minimum of 150 patients (17) .
Test procedure
The decision for treatment with RT was made exclusively by the Council of Oncology. The questionnaire for assessing the level of fear of radiotherapy in OPs and the visual analogue scale (VAS 0-100) were completed independently by the patients after the first session, in the presence of the researcher, and after the fifth session of RT they were filled out by the researcher who asked the patient questions. The process of completing the questionnaire had previously been explained to all the patients.
Creating the questionnaire
The questionnaire for assessment of fear of radiation therapy in OPs consists of three parts. The first part contains questions related to socio-demographic characteristics. The second part contains information related to the disease. The third part of the questionnaire is related to the patient's fear of RT. Every question, from the last part, has five possible answers according to the Likert scale. The questions were designed based on a review of available literature dealing with this issue and after consultation with the two psychiatrists, seven radiotherapists, two clinical pharmacologists and five senior radiology technicians employed at the Clinical Centre in Kragujevac. The final version of the questions was submitted for consideration to Professor Goran Mihajlovic, a psychiatrist employed at the Clinical Centre in Kragujevac. After obtaining his expert opinion, the final corrections to the questions were made. The questions were listed on the basis of random selection. The last two were trick socially desirable questions. The questionnaire was designed to measure the level of fear in patients after the application of RT. The questionnaire was intended to measure fear of radiation therapy in general. The questions included various aspects of fear of radiation, such as fear of potential side effects after RT exposure, fear of the procedure itself, as well as the possible implications of the type of treatment on the life of the patient after completion of the RT and the course 
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A correlation matrix was created to determine an adequate connection between the questions. The candidates for elimination were questions whose value correlation coefficient was below 0.2. It was found that two questions correlated poorly with other matters and were eliminated. The remaining questions correlated appropriately.
The majority of answers to the questionnaire mean value ranged from almost 1 to 1.7 (Table 1) . Questions with a low standard deviation, and questions that correlated poorly with the rest of those with similar content, were eliminated from the questionnaire.
The most important factor for assessing the reliability of the questionnaire as a whole, the coefficient Cronbach α stood at 0.955. After the elimination of inappropriate questions this was 0.946.
In order to calculate external reliability, the questionnaire was randomly divided into two parts following the Split-Half models. The value of the Cronbach coefficient for the first part was 0.910 and 0.884 for the second. The coefficients of both parts of the questionnaire amounted to over 0.7 and have a good overall correlation, which contributes to the reliability and integrity of the questionnaire. Predictor reliability, based on the value of the Cronbach coefficient for both parts of the questionnaire, obtained with the help of Spear-man Brown formula, was 0.966.
The correlation of each question with others, was analyzed with the Spearman's coefficient correlation. We set aside two questions that have a value of less than 0.3.
We conducted a factor analysis to determine how many factors were included in the new questionnaire. The Kaiser-Meyer-Olkin test and Bartlett's test of sphericity were determined to be the most appropriate for factor analysis. The values were above 0.5 or 0.932. It was found that the factor analysis can explore the structure of the questionnaire. The value of χ 2 test amounted to 1584.386 (r=0.000). Given that the eigenvalue was above 1, the questionnaire consists of two factors which represented 57.423% and 6.925%, making a total of 64.348% of the variance of the questionnaire. The Graphic 1 -Scree plot shows a clear point of fracture after the second factor. For the first eigenvalue, the factor value was 5.390, the percentage of variance 35 Temporal stability was tested by correlating the total score responses from QAFRT after the first and fifth session of radiotherapy. Retest after the fifth session of radio-therapy was undertaken by 86 patients. A high correlation between QAFRT scores was determined (r=0.925, p=0.000), which indicates good temporal stability.
DISCUSSION
The results of the study confirm that the QAFRT in OPs is a reliable and valid instrument for measuring the level of fear of RT. The questionnaire consists of 15 questions and has a good coexistence of internal structure which is summarized in two factors. The identified factors were: "fear related to the attitude of family and friends and the continuation of life after irradiation'' , and "fear factor related to the prognosis of the disease and the side effects of RT'' . The Cronbach coefficient α (0.946) confirmed the reliability of the questionnaire. Since the Cronbach coefficient before correction issues had a high value (0.952), 16 questions with similar content and with insufficient criteria for questionnaire inclusion were removed. A shorter version of the questionnaire was then drafted with a somewhat lower Cronbach coefficient (0.946). The criterion validity of the questionnaire was confirmed by examination of convergent validity with the VAS scale. The new questionnaire has also shown exceptional temporal stability and test-retest reliability. In the methodological development of the questionnaire, participants were interviewed in two ways, because this was part of the validation procedure. The good correlation which was achieved between the two tests proved that the questionnaire was valid for use.
The first factor called "fear of patients related to the attitude of family and friends and the continuation of life after irradiation" and composed of 10 questions, confirmed high internal coexistence (Cronbach α 0.926). This factor accounted for 35.931% of the variability of the questionnaire. Questions related to the patients fear during and/ or after RT such as changing family relationships, partners and friends, fear connected to daily activities and life after completing treatment.
In the study conducted by Sundaresan and associates, it was observed that more than half of the patients were concerned about the possible impact of RT on family life, living and working obligations and the later effects of radiation (10). Turner and contributors also confirmed that patients in the course of implementation of RT were concerned for their family and the future (12) .
The second factor "fear linked to disease prognosis and the adverse effects of radiation" was formed in five questions. The value of the Cronbach coefficient α for this factor was 0.881 and explained 64.349% of the variance. The questions included in this factor related to the fear of patients' lack of necessary information about the potential adverse effects of RT, fear of disease progression and damage to other organs, as well as the fear of the radiation procedure itself. Table 3 . Factor and meaning, questions pertaining to factor, Cronbach α and the mean value of the score Table 4 . List of questions of fi nal version of Th e questionnaire for assessment fear of radiotherapy in oncology patients
1.
Do you have a fear that radiation can aff ect the appearance of a new tumor?
2.
Are you afraid that radiation therapy can damage other organs, which are not subjected to radiotherapy?
3. Do you have a fear that you will endanger your family because you are in radiation therapy?
4.
Are you afraid that radiotherapy will cause burns at the site of application of radiation?
5.
Are you afraid that radiation therapy will be hinder your everyday activities?
6. Do you have a fear that friends will change their relationship toward you because you are being treated with radiotherapy?
7.
Were you afraid when you were told that you would continue the treatment of radiation therapy?
8. Do you feel disturbed while expecting the application of radiotherapy?
9.
Are you afraid that radiation therapy can cause permanent damage to the region of irradiation?
10.
Do you have a fear that you partner will change their relationship toward you because you are being treated with radiotherapy?
11. Do you think more often than usual about your illness while on radiation therapy?
12.
Do you have a fear that radiation therapy will not be eff ective against your illness? Table 2 shows the questions based on the weight load belonging to a particular factor after rotation. Name factors with issues, Cronbach coefficient α and a median score are shown in Table 3 . List of the questions in final version of the questionnaire for assessing fear of radiotherapy in oncology patients is shown in Table 4 .
Convergent validity was investigated in the context of criterion validity. A high degree correlation was found between the VAS scale and recent responses to questions from the QAFRT (r=0.807, p=0.000), confirming convergent validity.
Fear in patients can be a major obstacle to the implementation of the prescribed treatment (17) . Earlier studies showed that 10 to 20% of the patients feel anxiety before the start of the RT, and that 20-50% of patients are anxious during the first day of RT. Fear and anxiety are commonly associated with a lack of information, side effects of treatment and the radiation procedure (2, 5, 10, 17) . Sehlen and contributors found that most patients are afraid of the possible side effects of radiation (18) . In order to avoid additional psychological and physical stress, in these vulnerable categories of patients, it is necessary to organize screening at the beginning of RT treatment that would allow identification of patients with increased risk of mental instability during treatment (19) . The ideal would be to separate risk patients for radiotherapy simulation, or before starting radiation (17) .
Our study had several limitations: it was conducted in a single centre, and the test-retest reliability assessment was carried out after seven days. In addition divergent stability was not examined. The majority of respondents were older and less educated, so the reliability of the questionnaire should also be examined in the other categories of patients. Also, it was not possible to ensure the presence of a psychiatrist and an overview of each participant after examination or to compare his findings with the results of responses to the questionnaire. The reliability of the questionnaire should be examined after an extended time period after completion of RT treatment, and the results compared with the results of our study. It is possible that the level of fear in the same patient changes over time and decreases as the therapy nears completion. There is no relevant questionnaire that measures the level of fear of radiotherapy with which we can compare our results.
The results of our study show that the used questionnaire was a unique, reliable and valid instrument for assessing the level of fear of RT in OPs, the application of which makes it possible to identify patients with elevated levels of fear of RT. Patients with a high total score would require special attention and adequate psychological or psychiatric support, with a maximum reduction of adverse events, allowing the treatment to be implemented fully and adequately.
